Introduction
The degree to which climate played a role in the invasion of late-Roman Europe by the Huns in the 4th-5th centuries ad and the Avars in the 6th century ad has long been debated, e.g. from Huntington (1907) to McCormick, Büntgen, et al. (2012) . The importance of climate in shaping this critical period of European history has been investigated in some detail using millennia-long, precisely dated, annual tree-ring chronologies from central Europe (e.g. Büntgen et al. 2011 ), but these superb records of past environmental change provide no direct insights into what climate was like around the same time in the home territories of the Huns and Avars in central Asia. This limitation is difficult to overcome because of the paucity of millennialong tree-ring records directly from the central Asian steppes and western China where these nomadic "barbarian" tribes are thought to have migrated from. However, it is still possible to make some potentially useful inferences and speculations about what climate may have been like based on the limited tree-ring data available. This will be done through the presentation of a long tree-ring record from north-central China (Qinghai-Tibetan Plateau) that spans this interesting cultural period. In so doing, we will argue that prolonged periods of drought may have contributed to the migration of the Huns and Avars westward into Europe during late-Roman times. In addition, we will investigate the long-range teleconnection between the tropical Pacific Ocean El Niño-Southern Oscillation (ENSO) system and central Asian climate as a possible contributor to the development of droughts there.
Megadroughts in North-Central China
Presently, only two annual tree-ring chronologies from north-central China are sufficiently long to tell us what climate may have been like in the homelands of the Huns and Avars at around the times of their westward Fig. 1 . The Dulan-Wulan annual tree-ring chronology from north-central China and and the occurrence of severe droughts during the times of the Hun-Avar migrations into late-Roman Europe. Three multi-decadal droughts, among the worst of the past 2,000 years, are indicated in the 4th, 5th, and 6th centuries ad at around known times of invasion by these nomadic peoples from central Asia. The lower plot illustrates this more clearly.
migrations. The first record is the millennia-long juniper (Juniperus przewalskii) tree-ring record from the Dulan-Wulan region in northeastern Qinhai Province, which extends back over 2,000 years (Zhang et al. 2003; Sheppard et al. 2004) . It has been used to reconstruct annual precipitation (Sheppard et al. 2004 ) and thus provides a useful reflection of local hydroclimatic variability there. This record, expressed as standard normal deviates, is shown in Fig. 1 over its entire length of record and only for the ad 200-700 time period containing the Hun and Avar migrations for easier assessment. A second multi-millennial tree-ring chronology produced by Shao et al. (2010) is located about 100km west of Dulan-Wulan and is likewise an expression of moisture variability and change there. It basically supports the story shown in Fig. 1 during the Hun-Avar period and, therefore, will not be described further here.
